Abstract : Among the 7 types of natural solvent mixtures listed as third class
In response to increasing attention to the possible presence of hazardous components, e.g. benzene and n-hexane,2,3) in the natural mixture solvents,4) more than 100 samples of the third class solvents were collected in 1986-1987 from factories in various parts of Japan and analyzed for n-hexane, benzene and some simple aromatic compounds by automated capillary gaschromatography (GC). The results are presented and discussed in this article. A preliminary observation has been reported.5) The findings in automobile gasoline were also described separately.6)
MATERIALS AND METHODS
Collection of samples Among the 7 types of natural solvent mixtures listed as third class solvents in the Ordinance on Prevention of Organic Solvent Poisoning,1) 5 types (134 samples) of petroleum distillate solvents (gasoline, mineral spirit, petroleum benzine, petroleum ether, and petroleum naphtha; to be abbreviated as PDS) were collected in 1986 and 1987 from factories in 12 cities in Japan (for locations of the cities, see Fig. 1 ). Regarding the remaining 2 types, 3 samples of turpentine oil were available from factories, whereas no sample of coal tar naphtha could be obtained and an authentic preparation of coal tar naphtha was purchased from a reagent supplier as a surrogate. In addition, 14 samples of JIS solvent gasoline of various sorts and 4 samples of drug store-bought spot remover were collected for reference. In a preliminary study in which a sample containing n-hexane (4.34%), benzene (0.47%), toluene (1.95%), ethylbenzene (1.76%) and xylenes (3.04% as md-pisomers and 0.77 % as o-isomer) was analyzed 5 times a day for 5 consecutive days, the largest coefficient of variation (CV) within a day was 2.9% (for ethylbenzene) and the largest CV for day-to-day variation in 5 days was 1.8%
GC analyses
(for m+p-xylenes).
The small CVs observed were taken as the assurance of the reliable performance of the automated system to give highly reproducible results.
In practice, the analysis was carried out at least twice for each sample; the average was taken as the measure when the 2 results were identical, or the analysis was repeated until the agreement was achieved when discrepancy was observed between the first 2 analysis results. When the 134 samples were classified by the use category (Table 1) , cleaner for printing and painting held a majority (52% ) followed by thinner (20% ). Experiences in factories indicate that cleaner and thinner were not strictly separable from each other; a thinner would be used as a cleaner and the reverse was also true depending on chances. Combination of the two accounted over 70% of the samples collected, which may suggest that the solvent for printing and painting is the most popular use of PDS in industries.
The results of the GC analyses of the PDS samples are summarized in Table 2 together with that of several reference solvents. The concentration of each component dispersed over an extremely wide range; the arithmetic standard deviations were often larger than the corresponding arithmetic mean and the geometric standard deviations were usually as large as 5, suggesting poor fitness of both assumptions of distribution. Thus, the results were expressed in terms of arithmetic mean [the minimum-the maximum] . Such wide variation in the concentration of PDS components makes a sharp contrast with the cases of automobile gasoline, in which the variation was quite small with a coefficient of variation of about 30% ,6) when a normal distribution was assumed. Table 2 , those in the low boiling point group were rich in n-hexane and toluene whereas those in the high boiling point group were much less so. In addition, the results were grouped by use categories including one category of "white gasoline" which was a classification by common name.
Thus, some samples could be classified both as "white gasoline" and as thinner so that the summation of the numbers in various use categories were more than 134.
The rubber surface softener, or the rubber solvent to be used as a type of glue to patch rubber sheets together, contained a large amount of toluene (about 9% as mean) and n-hexane to a lesser extent (1% as mean). Thinner and cleaner for printing or painting were rather similar in the compositions as unseparated use suggests. When samples in the two categories were combined as solvents for printing or painting, the toluene content in the combination was almost comparable to and the n-hexane content was three times more than that of rubber solvent. One sample in this category contained n-hexane by 43% and and a few others had toluene by more than 50% . Two possibilities may be considered; one is that such products were not obtained directly from petroleum but could be spiked with n-hexane or toluene for better application, and it is also possible that such products could be produced by distillation at a narrow boiling point range. Another point of interest is that the ethylbenzene content in one cleaner sample was as high as 23 % . The reason for this high ethylbenzene concentration in this particular sample remains unknown.
Those in the category of "white gasoline" had even more n-hexane (about 7% as mean) but less toluene than others. In contrast, dry-cleaning solvents had little n-hexane nor 6 aromatics studied. 
